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Results and Perspectives in HEP, vis-a-vis Lattice QCD 

M.L. Mangano^ * 

'^CERN, Theoretical Phisics Division 1211 Geneva 23, Switzerland 

I review in this presentation some aspects of phenomenology in High Energy Physics which are related to recent 
and possibly future progress in lattice QCD. In particular, I cover (i) the extraction of CKM matrix elements 
from B physics, (ii) the determination of e'/e , as well as (iii) some issues emerged in the physics of high energy 
jets produced in hadronic collisions, where input from non-perturbative calculations would benefit our capability 
to perform better theoretical predictions. 



1. INTRODUCTION 

The last couple of years have given us an im- 
pressive series of important new results in HEP. 
Most of them, if not all, are in the field of 
flavour physics. We obtained conclusive evidence 
for neutrino mixing and therefore for neutrino 
masses (SuperKamiokande); new results on e'/e 
(KTeV, NA48); the first strong evidence for CP 
violation in the B system (CDF); the first di- 
rect limits on Bg mixing (LEP, SLC). Impressive 
progress is thus taking place in the area of flavour 
physics, and these results are just the appetizer 
for much more to come in the next few years. 
New data are in fact soon expected from the B- 
factories (BaBar and Belle, both of which success- 
fully started in the Summer their operations, and 
CLEG), from the upcoming run of the Tevatron 
(CDF, DO), from the analyses of the full datasets 
of KTeV and NA48, from the first operation of 
the KLGE experiment at the Daphne (p factory, 
and from the new long-baseline neutrino beam 
from KEK to SuperKamiokande. Finally, a series 
of new experiments has recently been (or hope- 
fully will soon be) approved: searches for rare 
kaon decays (FNAL, BNL), searches for fj,^ej de- 
cays (KEK, PSI) and new long baseline neutrino- 
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oscillation experiments (MINGS at FNAL, NGS 
at CERN/Gran Sasso). 

Gn the theoretical side, the problem of flavour 
is among the most interesting ones. Flavour 
physics provides a key peephole to explore and 
possibly uncover the existence of new phenomena 
beyond the Standard Model. In supersymmetry, 
the problem of flavour is receiving nowadays as 
much attention as the problem of SUSY break- 
ing, if not more, and the two problems are uni- 
versally believed to be intimately related. The 
observation of flavour phenomena not explained 
within the SM would provide valuable input for 
the understanding of physics at the SUSY break- 
ing scale. 

For the experimental information to be useful 
in this direction, it is of fundamental importance 
that accurate data be compared with accurate 
SM predictions. With the exception of the ob- 
servation of neutrino masses, the interpretation 
of all the new input on flavour physics coming 
from the observations listed above heavily relies 
on non-perturbative physics, which lattice cal- 
culations are best suited to carry out. Almost 
anything being calculated on the lattice is funda- 
mental to interpret the available and forthcom- 
ing data: the efforts of the lattice community are 
therefore much appreciated by all of us living in 
the continuum! 

I will review in this talk the status of the ex- 
perimental inputs, and the perspectives for future 
improvements. As an outsider in the field of lat- 



tice, I hope this review will be useful to those of 
you mostly involved in the numerical aspects of 
lattice physics. I apologise to those of you who 
are experts in the phenomenological aspects I will 
discuss, and who may find this review incom- 
plete, or too naive. Hopefully the bibliography 
will help filling in some gaps. I will concentrate 
on the following selection of topics: the status of 
the extraction of the CKM matrix elements from 
B physics, and the measurement of e'/e. In both 
cases, I will make heavy use for this presenta- 
tion of very good, recent extensive reviews of the 
subjects. In addition, I will cover a couple of top- 
ics taken from current high-energy phenomenol- 
ogy: prompt-photon production in fixed target, 
and production of high-energy jets in hadronic 
collisions. Evidence is emerging that a better un- 
derstanding of the interface between the pertur- 
bative and non-perturbative domain is required 
to solve some problems in this area. Whether the 
lattice approach can provide some useful input to 
address these issues, it is too early to say, and 
hard for me to judge. I hope the following discus- 
sion will anyway serve as a stimulus for some of 
you to try address these questions. 

2. CKM PARAMETERS FROM B 
PHYSICS 

VcKM is the matrix describing the couplings of 
the weak charged currents of quarks to the W 
gauge boson: 



L 



EWK^y^Q 7m(1-75)Q'W^'' 



(1) 



With 3 generations, the CKM matrix can be pa- 
rameterised as follows: 



Kid Vus Vub 
Vcd Vcs Vcb 

Vtd Vts Vtb 

1-4^ 



A A\^{p-iiiii) 



A\^{1- p-iri) -A\ 



A\^ 
1 



(2) 



(3) 



Here A = sin 0c is the sine of the Cabibbo an- 
gle, and we neglected O(A^) corrections. In ad- 
dition to the Cabibbo angle, 3 more parameters 
are required to parametrize the matrix: 2 real 



numbers, and a phase. A direct determination of 
the VcKM elements [|l| should be obtained from 
tree-level processes, to avoid possible contamina- 
tions from physics beyond the SM. Unfortunately, 
this is not possible for all entries: no direct mea- 
surement of Vtd,ts has been possible so far, and a 
crude measurement of Vtb ~ 1 is only possible if 
one assumes knowledge of the tt production cross 
section at the Tevatron. The comparison with ob- 
servables induced by higher-order processes (e.g. 
K^ — K^ mixing, ex (KsKti)^)' provides consis- 
tency checks, potential measurements of relative 
phases, and possible information on BSM phe- 
nomena. 

2.1. IVebl 

|Vc&| is measured from both exclusive and in- 
clusive semileptonic decays of B mesons with 
charmed hadrons in the final state. Since these 
processes proceed at tree level, the determination 
of I Vcb I is with very good accuracy free of possible 
contaminations from new physics. 

The inclusive extraction is obtained from the 
measurement of the inclusive lifetime, and of the 
semileptonic branching ratio (B). The theoretical 
estimates of lifetime (for reviews, see e.g. ref. 0) 
have uncertainties from the knowledge of the h 
and c quark masses, of the heavy quark kinetic 
energy inside the hadron, and of higher-order cor- 
rections to the perturbative expansions in powers 
of as (known to NNLO), and in powers of 1/toq 
(known to ©(l/mg)). The contribution of these 
sources of uncertainties to the determination of 
\Vcb\ is given by the following formula (uncertain- 
ties form the recent compilation in ref. H ) : 



\Vcb\ 



0.0411 




0.024 



0.1 GeV^ 
1 ± 0.030|PT ± 0.020|Am, ± 0.024|i/„ 



(4) 



The term proportional to /j,^ parametrizes the 
quark kinetic energy, and reflects the uncertainty 
in the extraction of the b — c mass difference from 



the HQET relation 

mb - mc = (Ms) - (Mil) + p?^ 

- 3.50 GeV + 40 MeV 



1 



1 



A - 0.5 



0.1 GeV^ 



(5) 



The latest results on the inclusive extraction of 
I T4fc| come from the average of the LEP measure- 
ments [1): 



\V,b\ - (40.75 ±0.41e.p±2.04tft)x 10- 



(6) 



Notice that the theoretical error is much larger 
than the current experimental uncertainties. 

The exclusive extraction requires the theoreti- 
cal knowledge of the form factor for B^rD*iv at 
zero recoil. Spin symmetry in the m^>oo limit 
gives -F'(l) = 10. Finite mass corrections are 
evaluated within HQET, giving (for a recent re- 
view see p]; this value was taken from the com- 
pilation in ref. ^) Fd.(1) = 0.88 ± 0.08, which 
is consistent with the most recent determinations 
from the lattice presented at this Conference Q, 
Fd'{1) = 0.935 ± 0.035. The current average of 
the exclusive LEP results gives [Q: 



w. 



excl I 
cb I 



(38.4 ±2.5cxp± 2.2th) -10- 



and the world average, including CLEO, is 
\V^f''\ X 10^ = 385 ± %t ± IGsyst ± 26th , 



(7) 



(8) 



which includes the correlations of experimental 
and theoretical uncertainties of the various ex- 
perimental results. 

The current world average of the CLEO and 
LEP inclusive and exclusive results M is: 



\Vcb\ xl0^ = 400±4e.p±21t^. 



(9) 



Again, notice the large gap in accuracy between 
the experimental and the theoretical precisions. 

2.2. |Vub| 

The measurement of I Kib/Vcfc I = \X{p—ir])\ pro- 
vides the first direct constraint on the (p, rj) plane, 
in the form of a circle centered around the origin. 
\Vub\ is measured in charm-less B decays. In par- 
ticular, the used observables are: 



• exclusive decays such as B^-nlv, B—^piiy; 

• the end-point spectrum in inclusive B^IX 
decays; 

• low-mass hadronic recoils X^ in B— >£X„ 

Each one of these tecniques has different sets of 
theoretical and experimental systematics, which 
limit the potential accuracy of the measurement. 
For example, measurements based on the study 
of the end-point lepton spectrum rely on the as- 
sumed knowledge of the lepton spectrum away 
fom the end-point, in the low-energy region where 
production is dominated by charmed decays. The 
measurement done requiring a low-mass hadronic 
recoil system can be affected by the assumptions 
made on the exclusive structure of the final state, 
since these enter in the experimental definition of 
the sample itself. 

Exclusive decays are experimentally much 
cleaner, but the theoretical interpretation is 
based on the assumed knowledge of the exclusive 
form factors for heavy-to-light transitions. The 
application of HQET is not reliable, since the h 
decays to a light quark. One therefore has to rely 
on phenomenological models, or on lattice cal- 
culations. These, however, are less trustable for 
B—i-ttIv than for B—tpliy transitions. Current er- 
ror estimates on the exclusive form factors are of 
the order of ±15%. Some new results have been 
presented at this conference, and were reviewed 
in the plenary talk by Hashimoto B. 

The latest measurements from CLEO M rely 
on B^pfv exclusive decays, and the result is: 

10''-\Vub\^3.25±0.Ustat^^^ll ±0.55t,,(10) 

In the case of inclusive decays, calculations rely 
on the OPE and HQET. Theoretically, the main 
uncertainties come from higher-order PT correc- 
tions, and from rrib, since the phase-space is pro- 
portional to m^. The relation between \Vub\ and 
B{B—*£iyXu), which is currently used by the LEP 
experiments, is given by the following expres- 
sion Pll 



\-\/inci 
\^ub 



= 0.00445 



B{B^lvXu) /l.55ps 



0.002 Y t{B) 
(1 ± 0.020pT ± 0.0355,„,=6o Mcv) (11) 



The 60 MeV uncertainty on mt, (TOb(lGeV) = 
4.58 ±0.06), although perhaps a bit optimistic, is 
consistent with the most recent estimates based 
on Sum Rules and NNLO QCD studies of the 
T spectrum [|ll[, as well as with the most recent 
unquenched lattice estimates Q. 

It should be pointed out that even if it 
were possible to calculate with high accuracy 
the full, charm-less inclusive rate, large uncer- 
tainties would still remain in the extraction of 
B{B^>(,vXy) from the data. This is because the 
phase-space region used by experiments is only a 
very small fraction of the total one, in order to 
suppress the large b^cX backgrounds. For this 
reason, the measurement of B{B^£i/Xu) is also 
affected by uncertainties in the modeling of the 
structure of the final states, which are in princi- 
ple of theoretical origin. The most recent LEP 
results give p3]: 



10^ X B{B^£vXu) = 
1.67 ±0.35e:rp± 0.386- 



± 0.20b 



(12) 



where the last two errors come from the modeling 
systematics. Using this result and eq. (pT|), LEP 
obtains: 



1Kb 



(4.05+«-^2)10- 
^ -0.74^ 



(13) 



where the overall error is approximately 40% ex- 
perimental and 60% theoretical. 

NLO corrections to the extraction of Vub using 
low-mass Xu have recently been calculated |14| . 
An estimate of the residual systematic uncer- 
tainty in the range of ~ 10% was quoted. 

It is important to point out that the accuracy 
of future data from the B factories will be domi- 
nated by exclusive decays. For example, the stud- 
ies presented in the BaBar Physics Book |19] an- 
ticipate Ji;^;;' ~ 2.5%, with Sl'il^ ~ 15%. One can 
presumably conclude that efforts for an improved 
theoretical determination of Kb should concen- 
trate on the calculation of exclusive form factors, 
where lattice QCD can play a major role. 

2.3. |Vtd| 

The remaining measurements/constraints on 
VcKM require loop-level processes, since they all 
involve couplings of the top quark to the s and d 



quarks, none of which can be measured today di- 
rectly in top decays. To interpret these measure- 
ments, one must therefore assume the SM. Mas- 
sive BSM particles could in fact propagate within 
the loops, and spoil the connection to the Vckm 
entries. Within the SM we have Vts = —Kb, and 
the last independent entry is therefore \Vtd\- Its 
less indirect measurement comes from the mixing 
oi B^ — B , mediated by box diagrams similar to 
those occurring in if" — K mixing: 

AmB,^\Vt,V,l\^fl^BB, (14) 

Examples of BSM contributions to this process 
are given, for example, by SUSY boxes, where 
stop and charginos can propagate in the loop re- 
placing top and W^s. 

The current value of |Kd|, as obtained from the 
official average of the LEP, SLD and CDF results, 
is given by |16|: 



IKdl 



0.481 ± 0.017 ps-i 
(8.4 ±1.6) X 10"^ 



(15) 
(16) 



\Vtd\ gives an independent constraint on {p,ri), 
represented by a circle centered around the point 
p = 1. Perfect knowledge of \Vtd\ and of |Kb|, 
therefore, would give unambiguous evidence oiQP 
in the CKM model, in spite of the fact that nei- 
ther of the two observables is by itself CP violat- 
ing. 

In practice, the extraction of \Vtd\ from Ams^ 
is limited theoretically by the imprecise |I^ 
knowledge of 



/b. /BbT = 210 ± 40 MeV 



(17) 



Notice that the experimental accuracy is at the 
level of 3%, and will significantly improve over 
the next few years, using the results from the 
Tevatron and the B factories. Will lattice cal- 
culations ever match this accuracy? Progress will 
hopefully come form the use of the experimen- 
tally determined values of fo^ and fo (extracted 
from D^riv decays), together with lattice QCD 
estimates of fo/fBa and foj Id- One hopes to 
reach an accuracy of 5% on Bb (lattice QCD) 
and of 5% on /s^, with a total uncertainty of 
5-10 MeV on Jb^ \J ^b^- The impact of these 
improvements is discussed in |18[. 



2.4. Ams and |Vts/Vtd| 

A large fraction of the theoretical uncertainties 
on \Vtd\ disappears in the ratio: 

e (18) 



Arris 



ms. 



Arud 
with 

C = 



msd 



Vu 



fBi \/BBa 



Vtd 



= 1.11 ±0.13 



(19) 



with the error dominated by fB^/fBa^ since 
BbJBb, = 1M±0.01^. 

Bs oscillations have not been observed as yet. 
The current 95% CL limit from LEP/SLD is [|l6|: 



Arris > 14.3 ps 
leading to: 



{xs>2l) 



(20) 



(21) 



\Vtd\l\Vts\ < 0.24 ^|V^w|< 0.010 

At small p, this constraint is as strong as the mea- 
surement of I Vtd I ! 

2.5. Global fits in the (p, ry) plane 

The set of measurements discussed above has 
been analysed recently by several groups [|l8| , 
(20|-|23) which find evidence, at better than 
95%CL, for r; > 0. I recall here the results of the 
study by Parodi et al. (PRS) (l|]. The countour 
lines of their fits are shown in fig. n. Evidence for 
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Figure 1. Confidence-level countour plots, form 
global fits to the p and ry parameters using B- 
decay observables (from rcf. [l^]). 



ry > is even stronger if information from the e 
parameter in K^K^ mixing is used (see |1^). 



Removing the various inputs for the fit one at 
the time, PRS obtain the results shown in table [^ 
Notice that: 

• Bk > 0.60 at 98.4% CL 

• The current accuracy on sin 2/3, obtained 
from the overall fit of non CP-violating ob- 
servables, is similar to that expected after 
~ 3-4 yrs of running at a B-factory! The fit- 
ted value of sin 2/3 is consistent at this time 
with the CDF measurement i24| . 



• /Sd yBjid^ as determined from the global 
fit, has a better accuracy than what can be 
achieved today from lattice QCD! 

• The best fit value for Xs suggests that the 
observation of Bg mixing is behind the cor- 
ner. While LEP and SLD may not be able 
to see it, having almost completed their 
data analysis, CDF should have no prob- 
lem to detect it during its forthcoming new 
run. 

In view of the above results, and of the esti- 
mates for the performance expected from the up- 
coming experiments, it is interesting to ask how 
far can the theoretical accuracy be pushed, and 
what would one gain from this improved accuracy. 
Table y contains a summary of the theoretical un- 
certainties, and exptected experimental ones (1-3 
yrs of B-factory, from the BaBar book ||l5|). 

Some comments: 

• Once t^rris will be measured, the ratio 
i^msl Avfid will provide the best determi- 
nation of |1 — (p + iry)| (with the SM as- 
sumption) 

• This determination could also be less af- 
fected by possible contaminations from new 
physics. For example, MSSM (t, x^) boxes 
would cancel in the ratio 

• Arrr^ can then be used to explore possible 
deviations from the SM. Assuming the SM 
relation \Vtd\ = IVtdKh/VtsI, the reach for 
these explorations will be by and large de- 
termined by the uncertainty in Jb^^Bb, 
until this reaches an accuracy comparable 
to \V,^\. 



fable 1 

Values of the parameters and inputs used in the fits to the B-decay observables described above, in 
addition to ex- Results and table taken from ref. [|l8[. The two values given for Vub/Vcb correspond to 
the CLEO and LEP detcmrinations, respectively. 



Parameter 


Fitted value 


Present value 


Arris 


(14.8 ± 2.8) ps-^ 


> 12.3 ps-i at 95%CL 




Vet 




QQOy +0.033 


0.080 ±0.017/0.104± 0.019 


Bk 


r, 07+0.34 


0.86 ±0.09 


Ib^sJEb, 


(233±13)MeV 


( 210+3^) MeV 


mt{mt) 


(179_^3\) GeV 


(167 ±5) GeV 


\Vcb\ 

sin 2/3 
sin 2a 

7 


(42 +«■[;) X 10-3 

n 7r,r +0.050 

U-'^J_0.060 

_Q 26+0-29 

(59.5^^;^)° 


(40.0 ± 2.2) X 10-3 
0.79+°-^^ (CDF H]) 



Table 2 

Current theoretical uncertainties, and projected experimental uncertainties, for 3'' generation entries of 

the CKM matrix. 



Quantity 


Theory unc. 


Main source 




Projected experimental mic. 


IKTI 


±5% 


mQ, PT, 


0(l/m^) 


<1% 


iKr'i 


±5% 


Fd^{1): 


0(l/ml),D** 


1.5% 


\vz'\ 


±(4- 10)% 


mfc, PT 






- 15% 


iKr'i 


±15% 


FF's 






- 2.5% 


KKb/Kb)"^'! 


<3% 


wq 






7 


\Vu\ 


±20% 


fSi^/BB 






(5(Amd) - l%stat ® 1.5%ro 


\VtjVtd\ 


±5%? 


fSdl IBs 






CDF (Run II): (5(Am,) - 2% 



As an example of the impact of improved ac- 
curacies in /srf \/Bb for searches of new physics 
effects, consider the constraints on m{t), m{x^) 
from Bd mixing. For a higgsino-like chargino, 
the supersymmetric box contribution to Bd mix- 
ing [p5| is given by: 

2 



(Amd) 



SUSY 



{Anid) 



SM 






1 



G(^). (22) 



'x / 2.2 sin /3 '"-x 

The function G{x) is a slowly varying function 
of X, given explicitly in ref. P5[ , which takes the 
value G{1) = h- In the most conservative case 
of large tan/3 (sin/3 = 1), we get the following 
effects: 



m^± 



= nii (GeV) 



{Amd)ss/{Amd)sM 



100 
0.46 



150 
0.21 



200 
0.12 



300 
0.05 



No effect would be seen in the ratio Anis/Amd, 
which could then be used to set the value of 



the SM expectation for \Vtd\- A 5% accuracy 
on /srf y/Bn would then probe a region of SUSY 
masses well beyond the reach of LEP2 and pre- 
sumably Tevatron. 

The range of masses m(t) < m(t) is particu- 
larly interesting for another phenomenon which 
has connections to lattice calculations: this is 
baryogenesis at the EWK phase transition, a sub- 
ject which was reviewed in this Conference by 
Fodor [|6|. 

A second interesting example comes from tests 
of different speculations on the underlying struc- 
ture of the quark mass matrix. Several models of 
quark mass matrices |27|| predict for example the 
following relations: 



V,. 



ub 



Vc 



cb 




Vt 



td 



Vts 



(23) 



Relations of this type emerge naturally, for ex- 
ample, in hierarchical t/(2) models for the flavour 
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Figure 2. Confidence-level profiles for p + irj [E9[. 
The smaller regions incorporate the constraints 
given by the quark- mass relations in eqs. (p3|). 



• KTeV analysed only 25% of total data. 

• NA48 analysed only 25% of available data. 
More data have been taken in 1999, and 
yet more will be collected in the year 2000. 
The final sample size will be approximately 
10 times larger than the presently analysed 
one. 

• KLOE at the Frascati ^-factory has re- 
cently started taking data [p2| . They expect 
to reach Sgtat ~ 10"'^ within 1999, and to 
start the dive towards the 10~* sensitivity 
level in the close future. 



symmetry of quarks and leptons Q . 

These relations can be used to predict p, rj, or 
in turn can be tested against the extractions of 
p, T] from the data. Using as inputs: 



Q -= 


^\ - {mu/mdY 


= 22.7 ±0.8 (24) 


mu/md = 


= 0.553 ±0.043 


(25) 


mc/rns - 


= 8.23 ±1.5 


(26) 



Barbieri, Hall and Romanino p3| obtained the re- 
sults given in fig. for p + irj. This determination 
oi p + irj is currently more precise than the SM 
fits. Improvements in the SM fits, and in the de- 
termination of the light quark masses, will allow 
stringent tests of these texture scenarios! 

3. e'/e 

Two new results have appeared in 1999, from 
analyses of data subsets from KTeV @ (FNAL) 
and NA48 ^ (CERN): 



Rel = 
e 










(28.0 ±2.8,2, 


St ± S.Ostat) 


10" 


-4 


KTeV 


(18.5 ±4.5,2, 


St ± 5.8stat) 


10- 


-4 


NA48 


(21.2 ±2.8) • 


lo-'^ 






(World) 



These values of e'/e firmly establish the exis- 
tence of direct CP violation in the Kaon system. 
These results correspond to a small fraction of 
the amount of data that will be analysed in the 
coming years: 



• In all cases the leading contributions to 6syst 
scale like Sstat- 

• An accuracy of 0(10^^) is therefore ex- 
pected overall within 2-3 years. 

What about the theoretical predictions? 

3.1. Crude overview of {e' /e)theory 

The following discussion is based on the recent 
good reviews in refs. p3] and P3,p4]. 

To first approximation e'/e is dominated by 
the contribution of two operators: 



Re— = 13 ImAt 
e 



130 MeV 



ms(mc) 



A MS 



340 McV 



^ V165GeVy 



2.5 



(27) 



where: 



• i?6.8 are the bag parameters of the QCD 
and EWK penguin operators: 



Qg = {Sad0)v-A / {qi3qa)v+A 

q — u,d,s 



(28) 

a)V-\-A (29) 



q^u,d,s 



• ImAt = lTn[Vtd V^l] ^ A^ X^ r] 

• flrj+,f ^ 0.25 is an SU{3) breaking param- 
eter. 
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Figure 3. Breakdown of the contributions from 
all possible AS = 1 4-fcrmion operators, as esti- 
mated by the Rome group Bq]. 



Figure 4. Breakdown of the contributions from 
all possible AS" = 1 4-fermion operators, as esti- 
mated by the Trieste group in the xQM |Q . LO 
(black columns); chiral 1-loop (grey columns); full 
0(p4) (hght-grcy). 



The contribution of the other AS — 1 operators 
is strongly suppressed, as can be seen from figs. ^ 
and 0. Because of the possible large cancellation 
between the contributions of the two operators, 
the choice of input parameters is critical to de- 
termine the value and the uncertainty of the the- 
oretical prediction for e'/e . 

In particular, the value of the non-perturbative 
matrix elements for the Qe.s operators is criti- 
cal. Different approaches (lattice Q, 1/A'' ex- 
pansion [p^ and chiral quark model (xQM, ISJ]) 

(3/2) 

give results for B^ consistent with the value 
of 0.8 ± 0.2. The situation for Be is much less 
clear. Pre-1998 lattice estimates [Q led to val- 
ues in the range 0.9 ± 0.3. xQ^^ calculations |34] 



predict B^ 



(1/2) 



1.4 ± 0.4, with a strong depen- 



dence on the value of the strange-quark mass. 
The 1/N expansion Q gives B^^^^^ = 1.6 ± 0.1, 
where large corrections due to 0{p'^ /N) sublead- 
ing terms are included. More recent lattice es- 
timates, based on staggered fermions |^ or do- 
main wall fermions [Eol, give negative values for 



Bq. In my modest opinion, these results just con- 
firm the difficulty of the determination of Bg, and 
suggest that a rather large uncertainty should be 
attached to the input value used in the determi- 
nation of e'/e . 

In ref . P4] , the following parameter ranges have 
been proposed: 

• IniA = (1.33 ± 0.14) • lO"*, from CKM fit. 

• ms'-"'"^ = 130 ± 25 MeV, mostly from Lat- 
tice, QCDSR. 



• A^^ =340 ± 50 


MeV, from as{i 


Mz 


0.1185 ±0.003. 






• Bs = 0.8 ±0.2 






• Be = 1 ± 0.3 







Normalizing to the central values for the input 
parameters, and neglecting the rat dependence, 
one gets approximately: 



Re- = 7-10" 
e 



1.9 B, 



(1/2) 



-B 



(3/2) 



A^'^ 



1^340 MeV 



ImA* 



1.34 X 10-4 



130 MeV 

ms(mc) 



(30) 



which, for the central choices of the parameters, 
gives e'/e ~ 7 • 10^"', far too small to agree with 
the data! 

Taking a 10% shift in A4 ^ , ImA and m^ (con- 
sistent with a variations within la), and using 
e'/e = 2 • 10-3, we get: 



1.9 B, 



(1/2) 



B. 



(3/2) 



(31) 



With a value of Bs consistent with the central 
theoretical value, 0.8, one can solve this equation 
for Bq = 2. Is this value really unacceptable to 
lattice? 

The recent analysis of Bosch et al gives the fol- 
lowing results, using different approaches to the 
description of the systematic uncertainties: 

1. Gaussian errors for experimental inputs, 
flat for theory parameters (NDR): 



l = (7.7+-«)-10-4 
e 



(32) 



2. Range covered by the scan of parameters 
(NDR): 



= (1.05^28. 



10" 



(33) 



Similar results have been obtained in the recent 
analysis of the Rome group ||2^ , which also con- 
tains an interesting appraisal of the overall uncer- 
tainties coming from the evaluation of the non- 
perturbative matrix elements, and of the correla- 
tion between the various inputs used in the theo- 
retical calculations. 

3.2. New physics in e'/e ? 

Because of the large uncertainty due to the 
evaluation of Bq, it is clearly premature to 
draw conclusions on the possible presence of new 
physics from the measurement of e'/e . Never- 
theless, it is worth mentioning that several pa- 
pers have already appeared, trying to explore how 
much room is available for contributions beyond 
the SM. In the case of supersymmetry, one needs 
to resort to extensions of the minimal scenarios, 
in particular to models with explicit (7P phases in 
the squark mass matrices. Possible contributions 
to e'/e then emerge, proportional to Im {M12) r n, 



where M^2 is a contribution to the scalar quark 
mass matrix mixing left and right scalars of the 
first two generations. In these models, contri- 
butions are also expected to the neutron electric 
dipole moment (df^'^^ oc Im(M^g) ). Current 
experimental constraints (< 0.94 • 10"^^ e cm) 
make a possible contribution to e'/e of order 10"^ 
unnatural, although still possible Gl| . 

Other scenarios involve anomalous Zds ver- 
tices ^^ . In this case, anomalies in the rare Kaon 
decays BR{K+^Tr+vu) and B R{K l^tt^ vu) 
should appear [Q, which will be testable in the 
experiments planned for the near future (KAMI 
at FNAL, E949 at BNL). 

4. HIGH ENERGY JETS AND QCD 

While it is clear that the contribution to flavour 
physics is the most fundamental one that lat- 
tice QCD can give at this time to HEP phe- 
nomenology, there are other areas where progress 
is limited by a poor understanding of the non- 
perturbative phase of QCD. Among these, we list 
for example: hadronic structure functions, power 
corrections to high-Q^ phenomena, deflnition of 
the top quark mass, etc. I will illustrate with ex- 
amples the relevance of some of these points. It is 
not clear to me whether lattice QCD can already 
contribute significantly to these problems, but I 
understand that progress is in sight. 

4.1. Jet production at the Tevatron 

At the Tevatron, jets up to 450 GeV transverse 
momentum have been observed Q,Q. These 
data can be used for many interesting purposes: 

• Tests of QCD: calculations are available up 
to NLO 111. 

• Extract information on the partonic densi- 
ties, fq^g{x,Q-^) at large Q^. 

• Look for deviations from QCD (e.g. reso- 
nances in the dijet mass spectrum), explore 
quark structure at small distances. 

The accessible range of transverse energies cor- 
responds to values of a; ^ 0.5, at Q^ ~ 160,000 
GeV^. This is a domain of x and Q^ not acces- 
sible to DIS experiments, such as those running 
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Inclusive Jet cross section 




50 100 150 200 250 300 350 400 

Transverse Energy (GeV) 



Figure 5. Inclusive jet transverse energy (Et) dis- 
tribution as measured by CDF, compared to the 
absolute NLO QCD calculation. 





50 100 150 200 250 300 350 400 450 
E (GeV) 



Figure 6. Deviations of QCD predictions from DO 
jet data for various sets of PDFs. 



at HERA. The current agreement between the- 
ory and data is at the level of 30 % over 8 orders 
of magnitude of cross-section, from Et ~ 20 to 
Et ^ 450 GeV (see fig. ||) In spite of the gen- 
eral good agreement, a large dependence on the 
chosen set of parton densities |4^,Q is present, 
as shown in fig. ra. The presence of this uncer- 
tainty limits the use of high-^E^ jet data to set 
constraints on possible new physics. 

An important question is therefore the follow- 
ing: to which extent do independent measure- 
ments of parton densities constrain the knowledge 
of PDFs at large- a;, and what is the residual un- 
certainty on the jet E^ distributions? 

To address this issue, let us first show what 
is the relative contribution of different initial 
state partons to the jet cross section. This is 
plotted in fi g. \t\ , where some standard PDF set 
(CTEQ4M [|8[ in this case) was chosen. At 
the largest energies accessible to today's Tevatron 
data, 80% of the jets are produced by collisions 
involving only initial state quarks. The remain- 
ing 20% comes from processes where at least one 



K 0.4 



Fractional Contribution to da/dErp at 77 = 

t — channel 




Figure 7. Contributions from different initial 
states to the jet cross section at ^/s = 1.8 TeV 
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gluon was present in the initial state. 

Quark densities at large- a; quarks are con- 
strained by DIS data to within few percent, lead- 
ing to an overall uncertainty on the high-iS^, jet 
rate of at most 5%. What is the uncertainty on 
the remaining 20% coming from gluon-induced 
processes? How are we guaranteed that the glu- 
ons are known to better than a factor of 2, limit- 
ing the overall uncertainty to 20-30%? 

The only independent constraint on fg{x,Q^) 
comes from fixed-target production of prompt 
photons. This process is induced at LO by two 
mechanisms, qq—^gj and qg—^q"/. In pN collisions 
g{x) 3> q{x), and therefore 



da 



da . , da . _ , 



(34) 



Data from FNAL and CERN fixed target experi- 
ments can therefore be used to extract fg{x, Q"^) 
at large x. Unfortunately, a comparison of 
data and NLO theory shows inconsistencies at 
small Et between the various experiments, as 
shown in fig. || ^^l- ^^ a possible explanation 
for these discrepancies, the presence of a large 
non-perturbative contribution from the intrinsic 
kx of partons inside the nucleon has been sug- 
gested [50; 5^. This gives rise to power- like cor- 
rections to the spectrum of order kx/pxi with 
possibly very large coefficients due to to the steep- 
ness of the spectrum itself. The effect of the 
intrinsic kr is to smear the pT distribution, as 
shown in fig. 0. Inclusion of these effects, how- 
ever, has a big impact also on the rate at large 
Et (i.e. x ~ 0.6). Due to the large size of the ef- 
fects, and to their intrinsic non-perturbative na- 
ture (which means that they cannot be under- 
stood from first principles, and need to be de- 
scribed by ad hoc models), it is hard to trust the 
theoretical predictions obtained in this way, and 
to claim that prompt photons provide a reliable 
way of extracting the gluon content of the proton 
at large x. Recent theoretical improvements, such 
as the resummation of large-XT logarithms |5^ 
p4| , should help understanding the large- a; prob- 
lem, but more work is necessary. In conclusion, 
the issue of the large- a; behaviour of fg{x) is still 
an open problem. 
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Figure 8. Relative deviations between NLO 
QCD and prompt photon data, as a function of 
XT — "^Pt/VS, for various fixed target experi- 
ments. 



Concerning the possible eccess observed by 
CDF in its highest Ej. jet data |Q, additional 
input will be available with the data from the 
upcoming run of the Tevatron (due to start in 
the Summer 2000), thanks to an increased energy 
(•\/5^2 TeV, 10% increase). Should the eccess be 
due to a problem with the gluon density at large 
X, a discrepancy similar to the one observed at 
1.8 TeV will appear at jet Ej. values 10% larger. 
If the eccess is instead due to really new phenom- 
ena, one expects the excess to appear at the same 
value of Et, as seen in the data at 1.8 TeV. Time 
will teU! 

Needless to say, any theoretical input on the ex- 
pected behaviour of the gluon density at large x, 
and on the precise way in which non-perturbative 
effects such as the intrinsic motion of quarks and 
gluons inside the proton arc to be implemented in 
pcrturbative calculations, would be of great inter- 
est. This is an interesting challange to the lattice 
community! 
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